'957 determined, and the percentage of the ingested carotene that disappeared during its passage through the alimentary tract was calculated from twelve experiments with a total of 237 rats.
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due to a reduced rate of formation of sulphomucopolysaccharides. Reddi & Norstrom (1954) recorded a decreased uptake of radioactive sulphate-S by cartilage chondroitin sulphate in scurvy.
I n this work, estimates of the concentration of acid mucopolysaccharides in normal and scorbutic guinea-pig skin and cartilage were made by determining the content of uronic acid in polysaccharide fractions of the homogenized tissues. I n the cartilage, sulphate was also estimated. A procedure for homogenizing the tissues, utilizing a preliminary softening in strong urea solution, is described.
EXPERIMENTAL
Animals and diets. Four groups of nine young guinea-pigs (six male and three female), weighing 150-300 g at the beginning of the experiment, were studied. Animals in group C ('deficient' group) were fed on a scorbutogenic diet derived from those of Krehl (1951) and of Kirk & Tressler (1941) . Marmite was substituted for the dried brewer's yeast and salt given in the diet of the latter authors. The approximate percentage composition of the scorbutogenic diet by weight was: rolled oats 40, wheat bran 26, casein 12.5, whole-milk powder 10, Marmite 5, red palm oil 4, cod-liver oil I, CaCo, I, MgSO,. 7H,O 0-5. Each animal in group D ('pair-fed' group) received daily the same amount of the scorbutogenic diet as the corresponding animal of group C, with the difference that the food was given to the group D animal on the following day. In addition, each animal in group D was given 20 mg ascorbic acid daily. Group A animals ('positive' group) were fed on an unlimited amount of the scorbutogenic diet and 20 mg ascorbic acid daily. Group B animals ('restricted food' group) were limited to 3-4 g of the scorbutogenic diet daily and 20 mg ascorbic acid; they received further a vitamin supplement, mixed daily with the food, in the following approximate amounts; thiamine hydrochloride I mg, riboflavin 1.6 mg, nicotinamide 8 mg, pyridoxine hydrochloride I mg, dried brewer's yeast IOO mg, cod-liver oil 0.1 ml.
Animals in groups A, C and D were killed and dissected 21-24 days after being placed on the diet. Group B animals were killed and dissected 9-12 days after being placed on the diet. If they were not killed, animals on the scorbutogenic diet alone died after 22-28 days and animals on the limited diet given to group B after 10-16 days.
Breakage of the glass tubes during homogenization of tissues obtained from some animals of groups C and D necessitated repetition of the experiment with three further animals in each of these groups. Breakages, due to a subsequently corrected fault in the alignment of the rotating steel shaft of the homogenizing apparatus (see p. 154), again occurred. For this reason three pairs of animals included in groups C and D in Table 2 are not the same as those included in the corresponding groups in Table I .
Treatment of the tissues. The skin was freed of muscle and subcutaneous fat, shaved of hair and cut in pieces; costal cartilage was separated from adhering muscle. T h e cleaned tissues were weighed, treated with four 20 ml. portions of acetone, and dried at 85" for 30 h, when they were found to be virtually constant in weight.
Homogenizing the tissues presented some difficulty; several procedures were tried before the one described now was adopted as the most satisfactory. The use of aqueous solutions of KOH and NaOH as solvents for the tissues is known to effect some
degradation of the mucopolysaccharides (see Kent & Whitehouse, 1955); using these alkalis I found less glucuronic acid and sulphate in mucopolysaccharide fractions obtained from cartilage than when using the procedure described below. The ratio of sulphate to uronic acid found in the mucopolysaccharide material obtained by me from cartilage (see Table 2 ) agrees well with the theoretical I : I molar ratio for chondroitin sulphate. A trial of the procedure, by the addition of chondroitin sulphate (L. Light and Co.) to a mixture of dried skin and cartilage whose glucuronic-acid and sulphate contents were known approximately, showed a recovery of over 80% measured in terms of these two substances.
The dry tissues were cut into small strips and softened in 6~ urea solution at 37O.
The use of a urea solution as a dissolving and softening agent is based upon its use as a solvent for proteins (see Rudall, 1952) . I obtained the most satisfactory homogenates with about 0-7 g dry skin softened in 10 ml. urea solution for I day, and about 0.2 g dry cartilage in 5 ml. urea solution for 2 days. The softened tissues with the urea solution were homogenized in an apparatus constructed in our laboratory. It consisted of a corrugated glass tube (for homogenizing skin the capacity was 60 ml. and the internal diameter 3.3 cm, for cartilage the capacity was 45 ml. and the internal diameter 3.0 cm) in which two stainless steel blades (each about 1-5 cm long) were rotated at about 15,000 r.p.m. by a high-speed grinder motor (Wolf Electric Tools Ltd, Type
DG. I A).
T h e blades were attached by their centres to a vertical stainless steel shaft (diam. 6 mm) which passed through a cork stopper in the glass tube, was suspended from above by a bulge on the shaft carried between two sets of ball bearings, and was connected to the vertically mounted motor by a thick rubber tube. There were four corrugations lengthwise in the bottom half of each tube; each corrugation was made by denting the softened glass of the originally round tube inwards to a depth of 3-5 mm. Separation and estimation of mucopolysaccharide materials. A mucopolysaccharide fraction was obtained from the homogenized tissues by a procedure based on parts of several standard methods used for separating mucopolysaccharides and mucoids from tissue extracts. The use of urea for extraction of submaxillary mucoid and of trypsin digestion for removal of proteins from mucopolysaccharide fractions is described by The homogenized tissues were mixed with three volumes of ethanol and 0.2 m-mole acetic acid and allowed to stand at 4 O for 18 h. The sticky precipitate was separated by centrifuging, dispersed in 10 ml. 0.005 N-NaOH and digested with trypsin (20 mg, Hopkin and Williams product) for 24 h. In the residue from the cartilage a few unhomogenized lumps remained undissolved during trypsin digestion; they were separated by slow centrifuging of the water-suspended residue, dried, weighed, and their weight was subtracted from the total weight of tissue. Skin was completely homogenized by the procedure.
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Acid mucopolysaccharides in scurvy RESULTS AND DISCUSSION Table I shows that the mean concentration in wet skin of mucopolysaccharides containing uronic acid was about 20 yo lower in scorbutic than in normal animals. For dried acetone-extracted skin the corresponding mean difference was about I 2 yo. * Mean values and standard deviations, except in the two bottom rows. t The t values calculated from the individual pair differences are higher than those that may be calculated from the group mean differences and variances.
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Both differences are significant at the 0-1 % level. Restricting the daily intake of the diet while continuing to supply adequate quantities of the vitamins, as for animals in group B, also appeared somewhat to reduce the acid-mucopolysaccharide content of skin. The t value for the difference in concentration in the wet skins of groups A and B was 2.59, which is significant at the 2 yo level. However, the difference in mean concentration between groups A (or D) and B was much less than that between groups D and C. On the other hand, the loss in body-weight, which, in the absence of any considerable hydration in the scorbutic animals presumably indicates the severity of the stress to which the animals were subject, was greater in group B animals than in the scorbutic animals of group C. * Mean values and standard deviations, except in the two bottom rows.
t The t values calculated from the individual pair differences are higher than those that may be calculated from the group mean differences and variances.
For dried, acetone-extracted cartilage the corresponding difference between the mean concentrations for the normal and the scorbutic animals was only about 10%. Animals with a restricted food intake showed the same concentration as normal animals. Part of the decrease in the concentration of acid mucopolysaccharides in the wet scorbutic cartilage may have been connected with the decrease in the percentage of the tissue remaining after acetone extraction and drying; the t value in Table 2 shows the latter decrease to be significant at the I % level. The work of Persson (1953) indicates that the water content of cartilage is increased during scurvy. It seems likely that a similar increase in water content could have been responsible for the decrease in percentage of dried and acetone-extracted matter in the cartilage of my scorbutic animals. I n view of the significant difference in mean concentration of acid mucopolysaccharides between the scorbutic and the normal animals, evident even in the dried acetone-extracted cartilage, an increase in the water content of the tissue could account for only part of the observed decrease in acid-mucopolysaccharide content of the wet scorbutic cartilage.
The results of this work establish that acid mucopolysaccharides, though reduced in quantity, still occur in the skin and cartilage of scorbutic guinea-pigs. The precise identity of the acid-mucopolysaccharide fractions of both these tissues cannot, however, be regarded as entirely settled. Hyaluronic acid and chondroitin sulphate are, at present, the only mucopolysaccharides containing uronic acid known to occur in skin (see Sylven, 1956 ). Insufficient material was available for the estimation of sulphate contents of skin, and it was not found practicable to separate hyaluronic acid and chondroitin sulphate for the purposes of estimation. The figures given for skin thus relate to the concentration of a mixture of the acid mucopolysaccharides. I n normal ox Four groups of nine guinea-pigs were fed on a scorbutogenic diet: one group received food ad lib. ; a second group was pair-fed with the first group and received in addition 20 mg ascorbic acid daily; a third group received food ad lib. and 20 mg ascorbic acid daily; a fourth group was limited to 3-4 g food daily with 20 mg ascorbic acid and a supplement of other vitamins.
2.
After 21-24 days the animals were killed and the mucopolysaccharide content of the skin and cartilage was estimated by determining the uronic acid in an alcoholprecipitated and trypsin-digested homogenate of these tissues. For the cartilage, sulphate was also determined.
3. The acid-mucopolysaccharide concentration in skin and cartilage was found to be significantly lower in scorbutic than in normal animals, the mean differences in concentration being, in wet tissues about 20 yo for skin and 15 yo for cartilage, and in dry tissues about I 5 yo for skin and 10 % for cartilage. The majority of the people living in the Jogjakarta area (Central Java) suffer from a type of chronic malnutrition which generally does not interfere with their ability to perform heavy labour. Studies of the eye changes in this type of chronic malnutrition have led to a comparative study of the diets and blood chemistry of children living in different economic environments. The chemical values can only be considered within certain limits as reliable in the appraisal of the nutritional status, owing to the possible presence of chronic infectious diseases such as malaria and intestinal worms, yet it seemed useful to carry out this comparative study in order to obtain a 'normal' local pattern. The investigation comprises (a) a study of the food intake of groups of children living in different economic environments, and (b) the determination of the concentration of serum albumin and globulin, and the levels of haemoglobin, vitamin A, carotene and calcium in the blood.
EXPERIMENTAL
Subjects. The boys and girls who were the subjects of this study were drawn from three groups: (I) twenty-five doctors' children, aged 6-17 years (mean 1 2 years); (2) thirty-three children living in an orphanage (not all orphans), aged 6-18 years (mean 14 years); (3) twenty-one children, aged 6-18 years (mean 13 years) living in a poor subdistrict of Jogjakarta, where the people show obvious stigmata of malnutrition. All children were of Indonesian origin.
Diet. The staple food of all the children was rice, the doctors' and the orphanage children having about 350 and the poor-area children about 175 g daily. The customary diet of the doctors' children included legumes, nuts, soya-bean products,
